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THE EFFECT OF SMELTER ATMOSPHERES ON THE 
QUALITY OF ENAMELS FOR SHEET STEEL 


I. INTRODUCTION 


1. Purpose of Problem.—The effect on enamels of various gases 
present in the furnace during the burning operation has received some 
attention,* but the relation between the smelter atmosphere and the 
quality of the finished enamel has been almost totally neglected. If, 
as has been proved, the presence of certain gases is harmful to an 
enamel during the burning process, it is not unreasonable to assume 
that their presence may also be deleterious to the enamel during 
smelting. With this thought in mind the present work was designed 
to make a preliminary study of some of the gases evolved in the 
smelting of enamels for sheet steel, and to determine the effect of 
certain smelter atmospheres on the quality of the enamels. 


2. Acknowledgments.—The data presented in this bulletin were 
obtained in an investigation which was conducted by the Engineering 
Experiment Station of the University of Illinois, of which Dran M.8. 
Ketcuvum is the director, in codperation with the Utilities Research 
Commission} which represents several Utilities Companies, chiefly 
in Chicago, Illinois. This research was carried out in the Department 
of Ceramic Engineering of which Pror. C. W. PARMELEE is the head. 

The writers wish to thank Professor Parmelee for his helpful sug- 
gestions and codperation in this research. They also wish to thank 
Mr. H. W. ALEXANDER and Mr. O. E. Mutvang for their conscien- 
tious laboratory aid. 


II. Dusian or A LABORATORY SMELTER 


3. Desirable Characteristics of a Laboratory Smelter.—In work of 
this nature it is much to be desired that the smelter reach a temper- 
ature of 2000 deg. F. or more in approximately one hour, that it hold 


*The most recent references on this problem are (a) ‘‘The Effect of Furnace Gases on the Quality 
of Enamels for Sheet Steel,’’ Univ. of Ill. Eng. Exp. Sta. Bul. 214, 1930, and (b) ‘‘Effect of Furnace 
Gases on Glass Enamels,” E. E. Gusinger and K. Berlinghof, Jour. Amer. Cer. Soc., 13, 2, pp. 126-42, 


0. 

+The Utilities Research Commission represents 
Chicago, North Shore & Milwaukee Railroad Company 
Publie Service Company of Northern Illinois 
The Peoples Gas Light & Coke Company 
Chicago Rapid Transit Company 
Commonwealth Edison Company 
Middle West Utilities Company 
Midland United Company 
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TABLE 1 
CoMPOSITION OF ENAMELS FOR SHEET STEEL 


: R29A R3 
Composition Ground. Cover 
oat Coat 
Meldspar sccm catieacias ice 30 32 
Leh Beri ie Cetra ie a eee a 20 18 
IS OV AX Aas stereo real nyc ie terel teak ats es 30 25 
SodasAshmere sscpeekyeniucche arene 7 4 
SodiumeNitrateriey sm oslo eee 5 3 
Cry olives weacetetete a atersie alercre rae a 12 
Hluorspatisedtieaaetcoiie scree one 6 4 
Antimony, Oxide.....2..%..6... aay 2 
CobaltiOxide ix o.ng.en tec 0.5 SF 
Manganese Dioxide........... ES) 
Mill Additions 
Btitmsiaasaecicon fuecisey neers cae 100.0 100.0 
Clavie, masta cee: Som A anaes riecietee 7.0 WO) 
OLAX coke uhcsarsrste ve al Sele Reales 0.3 a 
Min OxidetAst we sce asccticcdee se UD® 
Magnesium Sulphate.......... 0.3 


the desired temperature with little or no variation, that it be possible 
to subject each frit to exactly the same quantity of heat at the same 
temperature, and that the crucible be of such dimensions that a large 
surface of frit is exposed to any desired atmosphere or that provisions 
be made for stirring the mass. 


4. Smelter Design.—The actual design of the smelter as worked out 
by the authors, with the assistance of Mr. Alexander, is shown in 
Fig. 1. The heating elements are 34-in. Globar rods. The furnace 
operates on 110 volts and has a power consumption of 18.1 kw. The 
furnace temperature reaches 2000 deg. F. in approximately 11% hours. 
The temperature between the furnace wall and the crucible is con- 
trolled within +10 deg. F. by means of a Leeds and Northrup record- 
ing controller. A typical heating curve is shown in Fig. 2. 


III. DetTeERMINATION OF CARBON DIOXIDE AND OxyGEN EVOLVED 
IN SMELTING OF ENAMELS FOR SHEET STEEL 


5. Enamels Used.—The compositions of the enamels used in this 
work are givenin Table 1. Both are very good enamels when smelted 
in the electric furnace for 14% hours in the presence of air. 


6. Method of Procedure and Analysis.—Two procedures were fol- 
lowed for this part of the problem. The first consisted in bringing the 
temperature inside the crucible to 1800 deg. F. and then adding the 
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frit. In the second method the frit was added to the crucible at room 
temperature and heated from this point. 

The gases given off from the enamel were analyzed at suitable 
intervals for carbon dioxide and oxygen, the former being absorbed in 
a potassium hydroxide solution and the latter in an alkaline pyrogallol 
solution. Care was taken to allow enough time in contact with the 
salt water of the gas collecting bottle to dissolve all the water-soluble 
gases before making the analysis. This procedure eliminated all the 
silicon tetrafluoride and probably most of the nitrogen oxides. 


7. Determination of Rate of Evolution of Carbon Dioxide and Oxygen 
from Enamels for Sheet Steel.—The data for the regular smelting tests, 
in which the batch was placed in the hot crucible, are given in Fig. 3. 
Three facts are to be noted: first, that the carbon dioxide percentage 
decreases at a rapid rate and is practically zero at the end of 40 min- 
utes; second, that the oxygen percentage increases until it reaches its 
maximum sometime between 30 and 40 minutes from the start; and, 
third, that the atmosphere of an enamel containing nitrate is more 
oxidizing for the first 40 minutes of the smelt than one which lacks 
this constituent. 

The data for the tests which began at room temperature are given 
in Fig. 4. The curves for R3 are quite regular, but those for R29A 
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show peaks for both the carbon dioxide and oxygen percentages. The 
differences in the curves for the two enamels may be due to the fact 
that R3 contains less soda ash and less nitrate than R29A. In both 
cases there is a sudden drop in the carbon dioxide curve after it 
reaches its maximum. This maximum for carbon dioxide coincides 
approximately with the low point of the oxygen curve, which, of 
course, is to be expected, because for the same amount of oxygen the 
large volume of carbon dioxide evolved at this point naturally reduces 
the oxygen percentage. 

The curves indicate that the carbonate in the enamels begins to 
decompose at low temperatures, in some cases below 600 deg. F. It 
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must be noted, however, that the temperatures given were obtained 
by averaging the temperature between the wall of the furnace and the 
crucible with the temperature of the gases just over the frit. Thus it 
is possible that the first carbon dioxide evolved was obtained by the 
decomposition of the carbonate at the walls of the crucible where a 
temperature 100 to 200 deg. higher than the average existed. 

A calculation of the amount of carbon dioxide given off by the 
complete decomposition of the soda ash in R29A shows that for each 
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100 lb. of frit batch 23.7 cu. ft. are evolved, measured at 32 deg. F. 
and 29.9 in. of mercury. At an average temperature of 1700 deg. F. 
this would amount to 104 cu. ft. This means that for the first 40 
minutes of the smelt 2.6 cu. ft. of carbon dioxide per minute were 
being evolved. By considering that the nitrate breaks up into nitrite 
and oxygen, a calculation gives 1.16 cu. ft. of oxygen evolved every 
minute for the first 40 minutes. Together with the other gases 
evolved, this may offer an explanation why little “gassing” trouble is 
experienced in the smelting of enamels. It is easy to conceive a pro- 
tective film of evolved gases which prevents contact with the injurious 
gases from the fuel, unless such gases are present in large amounts. 


IV. DETERMINATION OF EFFECT OF SMELTER ATMOSPHERES ON THE 
QUALITY OF ENAMELS FOR SHEET STEEL 


8. Method of Procedure and Analysis.—The method used for this 
work consisted in bringing the temperature of the inside of the cru- 
cible to 1800 deg. F., removing the thermocouple, pouring the well 
mixed raw materials into the crucible by means of a funnel placed in 
the thermocouple hole, replacing the thermocouple, introducing the 
desired gas, and continuing the heating until the enamel was properly 
smelted. A seed-free thread was the criterion. 

Gas analyses were determined at regular intervals. The carbon 
dioxide was absorbed as before in a potassium hydroxide solution, the 
oxygen in a pyrogallol, the carbon monoxide in acid cuprous chloride, 
and the residue was considered as nitrogen. For sulphur dioxide the 
method of Raschig as given by Dennis* was used. This is a modifi- 
cation of the iodine method, in which sodium acetate solution is added 
to prevent the interference of nitrous acid. A blank test made with 
both enamels showed that any interference by substances other than 
nitrogen oxides evolved from the enamel was negligible. In fact, the 
tests proved that even the regular Reich iodine method was satis- 
factory under the given conditions. 


9. Effect of Nitrogen on Enamels for Sheet Steel.—The analyses of 
the atmospheres are given in Table 2, the nitrogen content varying 
from 92 to 99.9 per cent. Because of the large volumes of carbon 
dioxide and oxygen given off at the beginning of the smelt, the atmos- 
phere was not as accurately controlled as later. Both enamels were 
good, the white coat having a slight cream tinge. 


+L. M. Dennis, ‘‘Gas Analysis,’”’ The Macmillan Company. 
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TABLE 2 


ANALYSIS OF SMELTER ATMOSPHERE CONTAINING A 
LarGE PERCENTAGE OF NITROGEN 


Minutes After Start of Test | CO2z | O2 | Ne | Remarks 


Blue Ground Coat—R29A 


DP SHAG ACRES AOC COLE T RTOS 2.8 0.6 96.6 No visible fumes 
DMs cic tetera cle Stay Shcieis craw slalavere-e 2.4 0.8 96.8 No visible fumes 
Ode Aare SOGOU ee ere 3.2 1.0 95.8 No visible fumes 
BO arava. an aratevaterar atone sekonnvenees avait 1.6 0.6 97.8 No visible fumes 
AD rode Rte yaks siclele eekeioe erostaates 0.3 0.5 99.2 No visible fumes by 
Bion aca irs ats cals Ora eee teeny tars OBZ 0.4 99.4 White fumes which dis- 
OD otters ate rareiela oie lore. os Syst Sar ooa sae 0.2 0.2 99.61 solved quickly in the salt 
Di Rakelonevarein vee a ereranavere auclenee eee 0.0 0.2 99.8 | water of the aspirator 
ST e terse saietoiaieciooders caters 0.0 Onl 99.9 bottle used for collecting 

the sample. 
White Cover Enamel—R3 

Dea alain aicin aie wares oO es a ain wie 5.4 0.3 94.3 
| BAS SSS aster CO ee cece 7.6 0.4 92.0 
She pide acre sate bi rieveisieveeie se Simta 2.6 0.4 97.0 
epic ee ieaar ict ah chats. Prevopoue sone kate le 1.5 ORD 98.0 White fumes which dis- 
ADA Breton ctaratateniereyekere eons 0.2 0.2 99.6 solved quickly in salt 
BQ raters stercleraieloinie Geveteactiet 0.0 0.3 99.7 water. 
OBE ataareier vernietsiexs clevavs iets exetars 0.2 0.2 99.6 
eave a ta\di choral unio eoeraie lavas: ce terece 0.2 0.2 99.6 
SSeiapelatate tat aieta ebsites wisretcl stare ae 0.0 0.1 99.9 


10. Effect of Carbon Dioxide on Enamels for Sheet Steel.—The anal- 
yses of the smelting atmospheres are given in Table 3. It was expect- 
ed that the carbon dioxide might prevent the breakdown of the car- 
bonate in the frit, and that this would affect the enamels. It is true 
that R29A gave a rougher coat than usual, but this did not interfere 
with its adhering or covering properties. It was altogether satisfac- 
tory for ground coat use. R3 smelted under these conditions was a 
good enamel, also. It had a good white color, but the opacity was 
slightly poorer than that of the air smelted enamel. 


11. Effect of a Reducing Atmosphere on Enamels for Sheet Steel._— 
The reducing atmospheres were obtained by burning Urbana city gas 
in contact with the frit. The nature of the atmospheres is indicated 
by the data in Table 4. A film of carbon deposited on the enamel 
during the smelt, and was completely burned only when the lid was 
removed to pour the frit. 

The enamel R29A burned very well with good adherence. R3 
showed good gloss and good opacity, but had a slight cream tinge. 


12. Effect of Sulphur Dioxide on Enamels for Sheet Steel.—For 
these tests the sulphur dioxide was introduced into the crucible at a 
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TABLE 3 


ANALYSIS OF SMELTER ATMOSPHERE CONTAINING A 
LarGE PERCENTAGE OF CARBON D1IoxIDE 


Minutes After Start of Smelt | COz O2 | Ne Remarks 


Blue Ground Coat—R29A 


93.0 12 5. Ar Brown and white fumes which dissolved 
97.0 0.8 2.2 readily in salt water of aspirator bottle 
one oe iti used for collecting sample. 
97.6 1.0 1 4} No visible fumes. 
Sate 

, f 0.6 
99.1 0.4 0.5 White fumes which dissolved readily 
99.0 0.2 0.8 in salt water. 
99.2 0.2 0.6 


White Cover Coat—R3 


5531p QO RORESAICEE ROR C Ee OREO: 95.4 1.0 3.6 Brown and white fumes which dissolved 
(N35 "God BROOD RE Ie Cae eee 94.0 2 4.8 in salt water. 
2B .6 CO RBC RE AO OOO nnn 98.4 0.6 1.0 
iby 0 OS OO DOO OCIn I DEnS 98.6 0.6 0.8 
MEET. ciate nie Orvis, eTagahis versie 98.6 0.4 1.0 
SM ccs istess Aino oe here raba evan 98.2 0.6 32 White fumes which dissolved in salt 
(Sl Gedy Sree ag Rea RR oC 98.0 0.6 1.4 water. 
eos fos iavats/ora ote loveycioisve-0 are 'eesace 98.6 0.4 1.0 
ROO MERGE eiiie: st'wrci'e, oy oieie cleveis ae-€) ser 99.0 0.2 0.8 


rate which should have produced an atmosphere high in sulphur. 
For R29A, however, the analyses showed less than one per cent of 
sulphur dioxide present during the first hour of the smelt. Without a 
change in the rate of introduction, a sudden increase in the percentage 
then took place and the analyses showed almost 30 per cent sulphur 
dioxide for the remainder of the smelt. For R3 the sulphur dioxide 
increased from 12 to 35 per cent at the end of 45 minutes, and there- 
after increased continuously at a slow rate to the end of the smelt. 
The data indicate either a total oxidation of sulphur dioxide to sul- 
phur trioxide during the first part of the smelt, or a reaction between 
the sulphur gases and the enamel. If the first took place, very little of 
the sulphur trioxide escaped because no sulphur gas odor could be 
detected. Even in this case, then, the reaction with the enamel con- 
sumed all the sulphur present. When this reaction ceased, either be- 
cause of equilibrium or because of the condition of the frit, larger 
amounts of sulphur dioxide were found in the smelter atmosphere. 

When the frits were quenched in water sharp explosions took 
place, indicating the presence of sulphate. In fact, when the water 
had been poured from the frit, the white particles of the salt were 
easily separable from the enamel. To obtain a sample for analysis, 
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TABLE 4 


ANALYSIS OF SMELTER ATMOSPHERE CONTAINING A 
Larar PERCENTAGE OF CARBON MONOXIDE 


ILLINOIS ENGINEERING EXPERIMENT STATION 


Minutes 
After Start CO2 Oz Co No Remarks 
of Smelt 
Blue Ground Coat—R29A 

TRG de 5.90 Oo Cone 31.2 OFZ 25.8 42.8 Brown and white fumes which dissolved 
UTaneuts coke tveresae tisteiars 24.4 0.4 Die is:0} readily in salt water of aspirator bottle 
DZ las sata big 'aiaaisteveis scat ace 20.8 0.2 24.2 54.8 used for collecting sample. 
Bid ee te a terstcints) aiaietas ois 13.6 0.1 DAT 64.6 
WET Satchoinhors are Sesraseisya 8.4 0.0 15.6 76:0 White fumes and carbon particles, 
OT. taeretavets sere iets 5.0 0.0 20.8 74.2 fumes dissolved. 
Uk MOCO EO IOC OOO 5.0 OFZ 20.6 74.2 
Sd shale ist state stesso aire) Bs 4.8 0.2 28.2 66.8 

White Cover Coat—R3 

Wea Ny sats ed elas wails 61.2 1.8 1.0 36. o Brown and white fumes which dissolved 

GP ick ara) al ovstele evy cereus 53.0 0.2 5.8 41.0 readily in salt water. 
ete erence nite ribate 32.2 0.2 2.0 65.0 
UR eratetate ctevailelace prey eos 32.4 0.2 5.0 62.4 
Diese ele eves fase slons 30.8 0.4 6.6 62.2 White fumes which dissolved readily in 
ZO Warttiy Wattresaicve ete 29.0 0.2 6.2 64.6 salt water. 
si Sratote she vekal orev stotet se 28.8 0.6 2.4 68.2 
CAR ia BOA Chie Pec 14.4 0.0 3.8 || 
Breet aiiatere teudiar eve 10.4 0.6 3.6 85.4 White fumes and carbon particles, 
(hi en SOR iG OB eemoe 10.5 0.2 4.8 84. al fumes dissolved. 
le 6 St a ee Deo 9.3 0.2 6.5 84.0 


R29A was smelted in the sulphur 


atmos 


phere and allowed to cool 


slowly in the furnace. A white scum about 4% mm. in thickness was 


deposited on the surface of the enamel. 


A sample of this scum wa 


analyzed and showed the following results: 


A. ALKALI CALCULATED AS SODIUM 


per cent per cent 
INDI AE S32) sso sce. 28.11 NaSO geese Soe 86.81 . 
Cab Sica crek eed ee 5.30 CaSOik theo Ae oe eer 18.03 
SO aa ae 56.15 
89.56 104.84 
B. ALKALI CALCULATED As PoTAssiuM 
per cent per cent 
MG thor a BOs ee 37.46 KeSOus need eee 83.51 
CAE trae te oe en ee ee 5.30 CaSOpns i sae 18.03 
SOR eee ee 56.15 
98.81 101.54 


When burned on iron both enamels showed defects characteristic 


of enamels burned in sulphur gas atmospheres. 


The usual pock 


marks and dullness were in evidence, and in addition R29A was cov- 


EFFECT OF SMELTER ATMOSPHERES ON ENAMELS 15 


ered with numerous small blisters. The results of these tests are very 
striking in that the enamels show the same defects whether they are 
smelted in air and burned in a sulphur dioxide atmosphere, or are 
smelted in the sulphur atmosphere and burned in air. 


V. Summary oF RESULTS AND GENERAL CONCLUSIONS 


13. Summary of Results.—Following is a summary of the results 
obtained from the investigation: 

(1) In the enamels studied all the sodium carbonate and sodium 
nitrate were decomposed during the first 40 minutes of smelting. 

(2) When the enamel batch contained sodium nitrate the smelter 
atmosphere showed a higher percentage of oxygen during the first 40 
minutes than when this constituent was lacking. 

(3) Atmospheres containing 96 to 100 per cent of nitrogen and 93 
to 100 per cent of carbon dioxide in the smelter were not deleterious 
to the enamels. 

(4) Reducing atmospheres in the smelter were not deleterious to 
the enamels. 

(5) When enamels smelted in a high sulphur dioxide atmosphere 
were burned in air, pock marks appeared. Blistering also took place 
on the ground coat. 


14. General Conclusions.—Although the following statements are 
conclusive, additional work on other types of enamels will make it 
possible to add to these conclusions. 

(1) Nitrogen, carbon dioxide, and reducing atmospheres are not 
deleterious to enamels for sheet steel such as those used in this work 
during the smelting process. 

(2) Sulphur dioxide in the smelter atmosphere is very deleterious 
to enamels for sheet steel. 
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Bulletin No. 193. An X-Ray Study of Firebrick, by Albert E. R. Westman. 
1929. Fifteen cents. 

*Bulletin No. 194. Tuning of Oscillating Circuits by Plate Current Variations, 
by J. Tykocinski-Tykociner and Ralph W. Armstrong. 1929. Twenty-five cents. 
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M. Smith. 1929. Thirty cents. 

*Circular No. 18. The Construction, Rehabilitation, and Maintenance of Gravel 
Roads Suitable for Moderate Traffic, by Carroll C. Wiley. 1929. Thirty cents. 
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*Bulletin No. 200. Investigation of Endurance of Bond Strength of Various Clays 
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*Bulletin No. 221, An Investigation of Core Oils, by Carl H. Casberg and Carl E. 
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